INTRODUCTION
Paleomagnetic measurements from oceanic basaltic rock cores are important for tectonic studies because they give site paleolatitude and can be used to trace past plate motions. Such data are especially significant for Pacific plate studies because the plate is almost entirely covered with water, so few traditional paleomagnetic data are available. Moreover, Pacific paleomagnetic data are desirable for global tectonic studies as a result of the plate's rapid motion, large area, and unparalleled record of drift relative to the hotspots.
Because fully oriented paleomagnetic data from outcrops are rare, the apparent polar wander path (APWP) for the Pacific plate is mostly constrained by data from cores, analyses of magnetic lineation asymmetry (skewness), and inversions of magnetic anomalies over seamounts (e.g., Gordon, 1983; Cox and Gordon, 1984; Sager and Pringle, 1988; Petronotis and Gordon, 1999; Sager and Koppers, 2000) . Limitations for each of these data types make interpretation and synthesis of an APWP more challenging.
Seamount magnetic anomaly inversions are the most abundant data, but may suffer the most systematic bias (e.g., Sager et al., 1993) . Seamount paleomagnetic poles are calculated with the assumption that the anomaly results from a magnetization that was entirely acquired at the time of formation and is homogeneous throughout the seamount. Although these are adequate approximations for many seamounts, neither assumption is likely to be strictly true (Sager et al., 1993) . The result is scatter in paleomagnetic pole positions caused by magnetization inhomogeneities and a shift of the pole toward or away from the present geomagnetic pole (depending on seamount polarity), resulting from the contribution from induced or viscous magnetization (Sager et al., 1993; Sager and Koppers, 2000) . Accurate dating of seamounts is also problematic; consequently, only a small number of seamount paleopoles are useful for APWP determination (Sager and Koppers, 2000) .
Paleopoles calculated from lineation skewness data are fewer in number but provide greater time resolution because the Cretaceous and Cenozoic magnetic reversal timescale is relatively well dated. Skewness data cannot be determined for the Cretaceous Long Normal Superchron, so there is a gap of ~35 m.y. during the mid-Cretaceous for which no skewness poles can be determined. In addition, skewness data suffer from a systematic error, known as "anomalous skewness," the source of which is still unclear (Cande, 1978; Petronotis et al., 1992) . With coeval anomalies from two or more different lineation sets, anomalous skewness can be estimated with the assumption that this factor is constant for anomalies of the same age (Larson and Sager, 1992; Petronotis et al., 1992) . Although this may reduce the bias caused by anomalous skewness, there are poorly understood differences in pole positions estimated from skewness data and other data types (e.g., Petronotis et al., 1994) .
Many paleomagnetic measurements have been made on Deep Sea Drilling Program (DSDP) and Ocean Drilling Program (ODP) cores taken from the Pacific plate. These data also have limitations imposed by acquisition and geologic factors. Virtually all such data give only the mag-
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netic inclination because the coring tool rotates around a vertical axis and azimuthal orientation of the core is rarely possible. This lack of azimuthal orientation results in a lack of magnetic declination data, and as a result only the paleolatitude of the site can be determined (Peirce, 1976; Cox and Gordon, 1984) . Thus, determination of a paleopole usually requires combining coeval paleolatitude data from widely separated sites (Peirce, 1976; Cox and Gordon, 1984 ). An additional problem for sedimentary core paleomagnetic data is that the fidelity of the paleoinclination may be in doubt (Gordon, 1990; Tarduno, 1990) . Although many sediment core paleolatitude data are consistent with coeval paleomagnetic data (Peirce, 1976; Sager and Pringle, 1988) , some display a systematic error termed "inclination shallowing." This bias appears to be caused by compaction or the adherence of magnetic particles to clay particles, and its result is to cast doubt on the accuracy of sedimentary core paleomagnetic data.
Basalt flows are thought to be reliable magnetic field recorders if enough flows can be sampled to average secular variation. Unfortunately, few DSDP and ODP holes have penetrated more than several meters into basaltic basement, so few sites have sufficient data to do so. Even when numerous flows are sampled, secular variation averaging may be in doubt because multiple flows can be extruded in a short time and therefore not all flows are independent measurements of the magnetic field. One of the deepest basalt sections was drilled from Hole 433C into the top of Suiko Seamount. This section recovered 65 flows, which produced only ~20-30 groups considered magnetically independent (Kono, 1980; Cox and Gordon, 1984) . Although paleolatitudes have been determined with fewer numbers of units, the results may have large uncertainties because of insufficient averaging (Cox and Gordon, 1984; Sager, 2002) . Nevertheless, even imprecise paleolatitude data are important because basalt core paleolatitudes can be combined with coeval data and weighted according to their uncertainties to calculate paleopoles (Gordon and Cox, 1980; Cox and Gordon, 1984) .
During Leg 191, Hole 1179D (41.08°N, 159.96°E) was bored ~100 m into basaltic rocks located on the abyssal plain northwest of Shatsky Rise (Fig. F1) . Because the hole is located on magnetic Anomaly M8 (Shipboard Scientific Party, 2001) , the implied age of the igneous crust is ~129 Ma using the geomagnetic polarity reversal timescale (Gradstein et al., 1994) . Coring recovered 49.9 m of mostly fresh, aphyric basalt flows and pillows, comprising 48 flow units divided by changes in texture, composition, or cooling boundaries (Shipboard Scientific Party, 2001) . Igneous units in the sequence were grouped into three sections based on the abundance of olivine: (1) Group I, olivine-poor basalt (flows 1-8; 367.9-396.4 meters below seafloor [mbsf]); (2) Group II, olivine-free basalt (flows 8-24; 396.4-438.8 mbsf); and (3) Group III, olivine-rich basalt (flows 24-48; 438.8-471.4 mbsf) . With 48 igneous flow units cored, the Site 1179 basalts provide an excellent opportunity to determine an Early Cretaceous paleolatitude for the Pacific plate. Here we report a study of the paleomagnetic characteristics of this igneous section, determine a paleolatitude, and discuss tectonic implications. Because of the location of Site 1179 on Anomaly M8 (the source of which is a block of reversed polarity crust), we expected the basalt sample magnetization to be reversed polarity. Other paleomagnetic studies from the western Pacific indicate that the Pacific plate has drifted 30°-40° northward since the mid-Cretaceous, so we expected that the Site 1179 crust was emplaced slightly north of the equator. Our results are consistent with these hypotheses. 
METHODS AND ANALYSIS
A total of 122 samples were measured in this study (Table T1) . Samples were obtained as 2.5-cm (1 in) minicores drilled perpendicular to the vertical split face of the rock cores. Samples were taken only from hemicylindrical pieces long enough to ensure that they remained vertically oriented during rotary coring. An upcore orientation mark was scribed on each sample to provide a vertical reference. Samples were spaced at irregular intervals in the core, depending on recovery, unit boundaries, and physical state of core pieces, with the object of collecting at least two to three samples from each lava flow (the range of samples per flow is 1 to 8). Eight flows were not sampled owing to the lack of suitably oriented pieces ( Table T1) .
Samples were measured with the shipboard direct-current superconducting quantum interference device (DC-SQUID) cryogenic magnetometer onboard JOIDES Resolution. All samples were demagnetized to isolate a characteristic remanent magnetization. Both alternating field (AF) and thermal demagnetization methods were applied to a subset of samples to assess the efficacy of each method. Results from the thermal treatment appeared to better isolate a characteristic remanence than those from AF demagnetization, so thermal demagnetization was used for most samples (Table T1) . A total of 101 samples were studied with thermal demagnetization, and the remaining 21 samples were studied with AF demagnetization. Stepwise thermal demagnetization was typically conducted beginning at 150°C and continuing in 50°C steps up to 450°-625°C. On occasion additional measurements were made with 25°C steps above 400° to 450°C. Usually the AF demagnetization proceeded in 5-mT steps from 10-40 or 50 mT and 10-mT steps up to 70 mT, but a few experiments included smaller demagnetization steps.
Demagnetization results from each sample were plotted on an orthogonal vector diagram to aid in finding a characteristic magnetization direction. Using principal component analysis (Kirschvink, 1980) , a least-squares line was fit to a straight segment of the demagnetization curve that trended toward the plot origin. The best least-squares magnetization vector was calculated, along with the maximum angle of deflection (MAD) (Kirschvink, 1980) , a measure of the scatter in the points constraining the magnetization inversion (Table T1) . Characteristic magnetization directions and MAD angles were calculated for each sample using two principal component analysis methods, one with the demagnetization vector tied to the origin and one with the vector free to assume any angle. Although the latter usually produced larger MAD angles, it was preferred because its assumptions were not as restrictive and the results were more consistent. In most cases the difference in direction between the two methods was small (<5°).
Magnetization inclinations from the individual samples were combined to calculate a mean paleolatitude for the site in several steps. We used analysis methods described by Cox and Gordon (1984) , which recommend working with colatitude rather than inclination, but are otherwise similar to inclination analysis. First, colatitude values for samples from each individual flow were averaged to determine a flow mean. In several flows, one or two sample measurements were significantly different from other samples in the same flow (typically >2 σ from the mean of the other samples) and those measurements were not used in calculating the flow average. In two other flows, approximately equal numbers of samples had different signs, requiring reinterpretation of T1. Basalt sample paleomagnetic data, p. 17.
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the flow divisions (see below). Flow average colatitude values were tested against those of adjacent flows to see if they were statistically different at the 95% confidence level using the Z-statistic (Kono, 1980) . If adjacent means were not statistically distinct, they were combined and the procedure repeated with other adjacent flows. Using this method, a series of statistically distinct flow group means was calculated. Cox and Gordon (1984) recommend that flow group means be averaged if they represent a time interval less than the coherency time of paleosecular variation so that there is no bias from a time interval that is more heavily sampled. To accomplish this, we judged group means to be serially correlated if they did not show a large change between successive means (~10°) or if a group of colatitudes followed a smooth trend (Cox and Gordon, 1984) . Although this procedure is subjective, the result is a more conservative estimate of the number of independent flow mean colatitudes. In addition, the mean colatitude and uncertainty estimates are not greatly affected by differences among the selection of correlated units.
Independent group mean colatitude values (Table T2 ) and an average colatitude (Table T3) were computed following the methods of Cox and Gordon (1984) . This procedure both provides a correction for bias caused by averaging inclination-only data and gives an estimate of the data errors and site mean colatitude. An estimate of the random error is determined from between-group colatitude variations, and an estimate of the colatitude variance produced by secular variation is taken from a model of secular variation data. The final error bounds are calculated including an assumed systematic error of 2° that can be caused by offvertical tilt of the borehole (a quantity not measured during Leg 191) and correcting for the number of independent group means (Cox and Gordon, 1984) .
RESULTS
Most samples displayed univectorial decay toward the origin of an orthogonal vector plot with little or moderate scatter in direction between successive demagnetization steps (Figs. F2, F3) . A total of 89 (73%) samples gave MAD angles of <10° (Table T1) , implying welldetermined characteristic magnetization vectors. It was typically possible to use five to six demagnetization steps (range = 3-9) to define the characteristic remanence direction (Table T1) , another indication of demagnetization consistency. Only eight samples were so erratic that they gave MAD angles >30°. Most of these samples are present in flows 7 and 8, suggesting a link to flow characteristics.
A steep, downward-directed overprint, like that often attributed to an isothermal remanent magnetization (IRM) imparted by the drill string (e.g., Roberts et al., 1996) , was present in many samples. This overprint was usually removed by thermal demagnetization of >100°-300°C or AF demagnetization in fields >15-25 mT. Many samples treated with AF demagnetization did not show decay toward the orthogonal vector plot origin at high field steps (Fig. F2) , a behavior that probably results from an anhysteretic remanent magnetization (ARM) imparted by imperfectly balanced AF demagnetization coils. These samples were useful nevertheless because they typically displayed univectorial decay toward the plot origin at lower field values, which were used to determine the characteristic magnetization direction. F3. Thermal demagnetization experiments, p. 14. 
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Orthogonal vector plots show that characteristic magnetization directions usually have small inclination values (Figs. F2, F3 ; Table T1 ), consistent with formation of the basalt section near the equator. Negative inclinations were measured from 95 samples (78%), implying that most of the section records an upward-directed magnetization. Positive inclination samples were sometimes grouped (as in flows 3, 8, 9, 11, and 21), and sometimes solitary. The solitary positive inclination data may result from inverted samples or erroneous inclinations. Single discordant samples were found in flows 9, 15, 20, 22, 24, and 45, whereas two discordant samples were found in flow 44 (Table T1) . Because the source of the discrepancy is not known, these data were not used in averaging calculations. The groups of positive inclination values likely indicate flows with coherent downward-directed magnetizations. Although flows 3, 9, and 21 have predominantly positive inclination values, flows 8 and 11 each contain two groups of opposite sign but with equal numbers of samples (Table T1) . Because the two groups in each of these flows show consistent inclinations, we think that the changes in sign are real and result from shipboard scientists failing to recognize a flow boundary. Thus flows 8 and 11 were each subdivided into two separate subunits (Table T1) .
Combining data to calculate flow mean colatitudes produced 23 statistically distinct flow groups (Fig. F4) . As a consequence of large interflow changes in colatitude above 400 mbsf, most flows above this depth appear to be independent units. In contrast, the lower section shows little variation and adjacent flow mean inclinations are often statistically distinct only as a result of low within-flow inclination scatter. Because flows 23-47 show little variation, we concluded they are serially correlated and their inclinations were averaged. This required us to ignore single inclination measurements from two flows (33 and 43) that appear to break the sequence. Although these flows may be independent units and represent actual breaks in the lava succession, with only one sample apiece the flow inclination values are not robust. We also ignored the single discordant inclination from flow 6 and averaged data from flows 5 and 7, which have similar means ( Fig. F4; Table T1 ).
Averaging the 13 inclination groups yields a mean colatitude of 88.1° ± 6.8° (this and other error limits are 2 σ, approximating 95% confidence), assuming that the section is entirely reversed polarity and that the changes in inclination sign result from secular variation rather than polarity reversals. This paleocolatitude implies a paleolatitude of 1.9°N ± 6.8°. The average colatitude is not highly sensitive to the choice of flow groupings. For example, an average of all 23 statistically distinct flow groups yields a paleocolatitude of 87.5°.
DISCUSSION
Several assumptions were made during the averaging of the paleomagnetic data that could change our results, so it is prudent to assess their impact. First, inclination values from 10 samples were not used in the flow averages (Table T1) . These values were discarded because they appeared to be outliers when compared with other data from a given flow or flow group. They typically differed from the other samples in a given flow by >2 σ, frequently having an inclination sign opposite that of the other samples. It was not typical for such samples to display poor demagnetization consistency, so the discordant inclination values cannot be explained simply by samples with poor paleomagnetic character- 1 (3) 3 (8) 5 (4) 6 (1) 7(5) 8a (2) 12- 16(6) 21 (4) 33 (1) 39-42 (7) 8b (2) 9 (5) 11a ( istics. Those samples with inclination absolute values similar to those of adjacent samples, but which show a difference in sign, may be explained as samples inverted during curation or handling of the cores. This explanation does not work for samples with greatly discordant inclinations, for example, Sample 191-1179D-12R-5, 14-16 cm, which gave an inclination of 52.7° despite a relatively low MAD value of 10.7° (  Table T1) . Such discordant results can occur when rock fragments fall from the borehole wall and are cored out of position and orientation. Discarding such errant points as outliers seems appropriate and is standard practice in paleomagnetic studies. Including the discordant measurements would not change the mean colatitude significantly but would unnecessarily enlarge the estimated error bounds. Five flow groups that have samples with positive inclinations were assumed to be measurements of the same reversed polarity field as the other flow groups rather than polarity reversals. At higher paleolatitude sites, where there is little chance that secular variation would cause the difference in sign, flows that give an inclination with opposite sign are sometimes assumed to record a magnetic reversal. In contrast, at a low paleolatitude site changes in inclination sign caused by secular variation are expected. The latitude variance at the equator in models of secular variation based on paleomagnetic data is ~9° (Harrison, 1980; McElhinny and McFadden, 1997) , far greater than the 1.9° average paleolatitude for Site 1179. In addition, the differences in sign are unlikely to result from overlapping lava flows of opposite polarities. Site 1179 is located near the middle of 37-km-wide Anomaly M8 (Shipboard Scientific Party, 2001), and because of the near 180° skewness of the magnetic lineations (Nakanishi et al., 1989; Larson and Sager, 1992 ) the anomaly is located directly over the reversed polarity source body. If the assumption that the entire section is reversed polarity is incorrect, the mean paleolatitude may be slightly greater. Changing the polarity of flow units with positive inclinations and reaveraging yields a mean paleocolatitude of 84.2°, a change of 4.1°. Furthermore, if the assumed polarity is incorrect, the implied normal polarity paleolatitude is 1.9°S.
Another subtle assumption made in averaging the data is that there is no overlap in cored flows, despite an apparent overlap of 2.6 m between the bottom of Core 191-1179D-12R and the top of 13R (Table  T1) . This discrepancy resulted from ODP core curation convention (which "expands" fractured hard rock core specimens) and the fact that Core 191-1179D-13R recovered 0.9 m more core than the estimated interval drilled. Although the cause of actual 0.9 m overlap between these two cores is unclear, it is doubtful that it could have been caused by drilling that resumed above the bottom of the hole (to cause overlap), so the assumption appears justified.
When calculating a paleocolatitude using a small number of independent measurements of the paleomagnetic field, the result may be inaccurate if secular variation is not properly averaged (Cox and Gordon, 1984) . Despite the consistency of the Site 1179 colatitude with other mid-Cretaceous Pacific paleomagnetic data (Fig. F5) , the statistics of our calculation suggest some uncertainty owing to insufficient secular variation averaging. We estimate that only 13 independent magnetic units were sampled, a number that would be considered inadequate to average secular variation in most paleomagnetic studies. Although the total colatitude variance is 14.6°, much of this scatter arises from measurement error and between-group colatitude variance is only 4.8°. This value is only half the expected 9.0° from secular variation models (Harrison, 1980; Cox and Gordon, 1984) . This difference 
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suggests that Site 1179 samples may not completely average secular variation. Nevertheless, because of the method used to determine the error bounds, which used an estimate of colatitude scatter from a secular variation model (Cox and Gordon, 1984) , the calculated confidence limits are not biased by the lack of secular variation sampling. Despite the cautions above, comparison of the Site 1179 paleocolatitude with other Pacific basalt core data of mid-Cretaceous age shows that our results are in good agreement (Fig. F5) . The colatitude arc for the site goes through the middle of the distribution of other colatitude arcs of mid-Cretaceous age. Furthermore, the 125-Ma paleomagnetic pole calculated mainly from magnetic anomaly skewness (Petronotis and Gordon, 1999) falls within the error bounds of the colatitude. The 1.8°N paleolatitude calculated from Site 1179 basalts implies that the site has drifted 39.3° northward since 129 Ma, a result consistent with other paleomagnetic data of similar age. Not only do other Pacific basalt cores (many with even fewer independent magnetic units) give similar results (Fig. F5) , but the data are also consistent with seamount (Sager and Koppers, 2000) and skewness data Petronotis and Gordon, 1999) . This agreement suggests that the paleocolatitude is reliable.
In addition to the paleolatitude information, the Site 1179 basalt data also give some insight into the construction of the igneous section. Colatitude values from flows in the bottom part of the section show markedly less variation than those above, implying the lower section was emplaced rapidly, with little time between flows. The flows that exhibit little between-flow scatter, combined into unit 13 (Fig. F4) , are those that belong to the distinct geochemical Group III, the olivine-rich flows (Shipboard Scientific Party, 2001 ). In contrast, flows in the upper part of the section exhibit large changes between successive flow groups, indicating significant time gaps. Along with the change in geochemistry (Shipboard Scientific Party, 2001) , this may indicate a shift in the magma source or mode of flow emplacement.
CONCLUSIONS
Basalt samples from 40 flow units cored at Site 1179 were measured to yield characteristic magnetization inclinations and colatitude values. Flow average colatitudes were statistically compared, and those that were not distinct were combined and averaged. The result of our analysis is that the 40 flows represent only 13 independent measurements of the paleomagnetic field. A mean colatitude, 88.1° ± 6.8° was calculated, corrected for bias inherent in azimuthally unoriented samples. Assuming the section is reversed, as is consistent with drilling near the middle of Anomaly M8, the paleomagnetic data imply a paleolatitude of 1.9°N ± 6.8°. The Site 1179 paleocolatitude is consistent with other Pacific plate paleomagnetic data of similar age and indicates ~39° of northward drift of the western Pacific plate since the mid-Cretaceous. In addition, a shift in scatter between flow group colatitude values from low in the bottom ~33 m of the section to high in the upper section implies a change from rapid emplacement to longer time periods between successive flows. Figure F4 . Measured colatitudes and flow mean colatitudes plotted vs. depth in Hole 1179D. The break in the depth column is a result of a depth curation problem that caused the bottom of one core to plot beneath the top of the next core below (see "Discussion," p. 6). Open circles = individual sample colatitude values used in the calculation of flow means, dots = sample colatitudes that were considered to be outliers and discarded from calculations, solid squares = average colatitudes for 23 statistically distinct flow groups. Horizontal lines through these symbols = the standard deviation of the flow mean colatitude, italicized numbers with each mean colatitude symbol = the flow number and number of samples used to calculate that mean (the latter in parentheses), bold red numbers give the flow groupings considered to represent independent magnetic units ( Table T2) . Blue shaded areas show colatitudes that were averaged in computing the 13 independent units. The red vertical dotted line shows the calculated mean site colatitude. Colatitude (°) 1 (3) 3 (8) 5 (4) 6 (1) 7(5) 8a (2) 12-16 (6) 21 (4) 33 (1) 39-42 (7) 8b (2) 9 (5) 11a (3) 11b (3) 18-20 (4) 23 (3) 22(3) 24-32(21) 34-38(8) 43 (1) 44 (6) 45 ( (Cox and Gordon, 1984) ; Site 289 (Hammond et al., 1975) ; Sites 303 and 304 (Larson and Lowrie, 1975) ; Sites 800 and 802 (Wallick and Steiner, 1992) ; Site 843 (Helsley, 1993) ; Site 865 (Sager, this volume) ; Sites 872, 878 (2), 879 (Nakanishi and Gee, 1995) . Solid circle represents a 125-Ma paleomagnetic pole determined mainly from magnetic anomaly skewness (Petronotis et al., 1992) . Solid square is a 117-Ma paleomagnetic pole calculated from averaging seamount paleomagnetic poles (Sager and Koppers, 2000) . The ellipse and circle surrounding these poles are 95% confidence regions. 
